SUMMARY A questionnaire study regarding airway morbidity in children and environmental factors was performed in April 1985. The parents of 5301 children, aged 6 months to 16 years, from different rural areas in mid Sweden were sent a validated questionnaire and 4990 (94%) responded. The cumulative prevalence of bronchial hyperreactivity was 9.7% and of allergic asthma 5.2%. Children living near a paper pulp plant more often had symptoms suggesting bronchial hyperreactivity (124 (13.0%), relative risk 1-3) and allergic asthma (68 (7.1%), relative risk 1.3). In children living in a damp house problem bronchial hyperreactivity was found in 76 (19-0%) (relative risk 1*9) and allergic asthma in 35 (8.7%) of the children (relative risk 1-9). Children living in a damp house with parents who smoked had the highest figures: bronchial hyperreactivity was found in 44 (23.5%) (relative risk 2.8) and allergic asthma in 22 (11-6%) (relative risk 2.5). The results indicate that various moderate environmental pollutants may act synergistically to increase bronchial hyperreactivity and allergy especially in children with a family history of allergy.
Several studies in recent years have indicated that the occurrence of asthma and allergic disorders may be increasing in industrialised countries. 1-4 The reasons for this are not fully understood, but various environmental pollutants may play a part. For example, exposure of children to tobacco smoke is widespread and has been shown to give increased bronchial hyperreactivity,5 an increased number of respiratory tract infections,6 wheezy bronchitis,7 increased prevalence of atopic disease,8 and increased serum IgE concentrations.9 Other air pollutants, which may affect the airways in children, include sulphur dioxide, which irritates mucosal membranes 0 and may also facilitate production of IgE in laboratory animals."
The air indoors may become polluted because of evaporation of chemicals from plastic materials in carpets, furniture, and household equipment. In Scandinavia most houses built after the energy crisis in 1973 have been insulated extremely well in order to minimise heating costs. There is often less than 05 air exchanges per hour, which sometimes leads to increased dampness indoors with favourable conditions for mite and mould growth.
The aim of this study was to estimate the importance of some environmental factors in the development of symptoms reflecting bronchial hyperreactivity and allergic conditions of the respiratory tract. (In the same study we also evaluated the incidence of respiratory tract infections.)
Subjects and methods
STUDY AREA
The population was comprised of children living in seven rural areas as defined by the 'zip' code and situated to the north and west of the city of Norrkoping (fig 1) . In area 4 there was a pulp and paper plant, but in the other areas there were no The remaining 81 children with their parents were interviewed by a paediatrician (SA) and the answers were entered in a second questionnaire, which was identical to the one that had been mailed to the parents. These answers were then compared with the ones given by the subjects in the initial questionnaire.
The skin prick tests were performed with biologically standardised extracts of birch, timothy, and mugwort pollen, house dust mites, cat, horse, and dog epithelium, Cladosporium and Alternaria at a concentration of 100 000 biological units/ml (Pharmacia). Histamine (11-to 1-6) (2-( to 4-1) Symptoms of bronchial hyperreactivity and asthma in relation to environmental factors 477 of allergic asthma in children in houses undamaged by dampness (n=389) v 11 (20.4%) occurrences in children in houses damaged by dampness (n=54) (p<0-001). In children with no family history of asthma the numbers were 78 (1-9%) (n=4108) v 8 (2-4%) (n=336); this was not significant. The number of occurrences of allergic asthma were significant when children with and without a family history of asthma and not living in houses damaged by dampness were compared (p<0-001) and when children with and without a family history of asthma but who were living in houses damaged by dampness were compared (p<0-001). Even when asthma induced by house dust was excluded from the analysis the relation between environmental factors and allergic disorders was significant. Type of house construction-for example, presence of a basement, did not influence the prevalence of any of the clinical symptoms in the children. %) ofsymptoms suggesting bronchial hyperreactivity and allergic disease in relation to parental smoking and damage due to dampness at home in 4938 children. No parental smoking and no damage due to dampness O (n =2581); no parental smoking and damage due to dampness El (n=212); parental smoking and no damage due to dampness C (n= 1948); and parental smoking and damage due to dampness * (n=187). children with parents who smoked, living in houses with damage by dampness, there was a noticeable increase in exercise induced cough, allergic rhinitis, and allergic asthma, particularly when compared with children not exposed to any of these factors but also in comparison with children exposed to only one of them (table 5 and fig 2) .
Discussion
Children living in area 4-that is, in the neighbourhood of the pulp and paper mill-had symptoms of bronchial hyperreactivity and allergic diseases more often than children of the same age living in an area with little local pollution. Possible explanations for the findings include socioeconomic differences, overreporting in the area, climatic differences, and an irritating effect of industrial pollutants.
These differences remained significant even when type of dwelling, which was used as a crude measurement of socioeconomic differences, was accounted for by stratification. The fact that there was occasionally a pronounced smell of mercaptans in area 4 might have caused concern over discharge of air pollutants and a subsequent overreporting of health effects-that is, with regard to even minor symptoms. On the other hand, the pulp plant is the sole major employer in the area and thus represents employment and prosperity for the local population, which may even have reduced the tendency to report symptoms. In the validation study, however, no signs of overreporting or underreporting were found when this area was studied in relation to other areas.
The differences between the two areas were greater for schoolchildren than for preschool children. If the recorded differences had merely been the result of overreporting no clear age difference would have been expected. It is even reasonable to assume that overreporting would have been more pronounced for the younger children as they spend more time at home and because the social consequences of disease in a young child are usually greater for the family than if the child is older.
Climatic differences between the areas could have been considered as an additional factor influencing the results but according to the Swedish Meteorologic and Hydrologic Institute in Norrk6ping, these differences are minor, and the areas have in fact an almost identical climate. (K Persson, head of the Meteorologic Department of the Swedish Meteorologic and Hydrologic Institute. Personal communication.)
It seems reasonable to consider the symptoms as a possible effect of industrial pollution as there is no clear indication of other factors explaining the differences. In this context the occasional occurrence of high concentrations of sulphur dioxide are particularly interesting as it is well known that sulphur dioxide in high concentrations causes irritation of human mucous membranes."' Moreover, in animal experiments sulphur dioxide has been shown to enhance IgE antibody formation." Other undefined pollutants, however, may also have contributed.
The findings that children living in homes damaged by dampness more often had signs of bronchial hyperreactivity and allergic disease cannot fully be explained. Localised damage caused by dampness in a house often leads to mould formation. The amount of this internal mould growth as well as the species concerned may vary. Increased humidity may also be associated with increased number of house dust mites.
Moulds are known to cause allergic reactions but they may possibly, in addition, have other effects on the airways as indicated by a recent report in which there was a correlation between upper respiratory tract symptoms in adults and exposure to aspergillus moulds in the homes. '5 The effect of living in a damp house as related to the occurrence of allergic asthma was particularly obvious for children with a family history of atopic disease. This was true not only for 'dust' allergy, but also for allergy to birch pollen, which has a well defined season, indicating an unspecific environmental effect on the airways in children. Consistent with our findings are those reported of an increased prevalence of symptoms, presumably induced by mould exposure, in smokers compared with nonsmokers in adults. '5 Children living in area 4 had a higher prevalence of symptoms of bronchial hyperreactivity and allergy than children living in other areas. A possible confounding factor concerning the effect of residential area is the fact that the school building for children, age 7-11 years, in area 4 had a serious mould problem. This cannot, however, explain the higher than expected morbidity in preschool children.
In conclusion, this questionnaire survey indicates that exposure to tobacco smoke in the home, housing conditions, and even moderate environmental pollution from a pulp and paper factory may all affect the respiratory tract of children. This in turn may lead to signs of bronchial hyperreactivity and respiratory allergy in some children. The effects of these environmental factors appear to be synergistic. 
